O ne goal of weather and climate forecasting is to inform decision making. Effective communication of forecasts to various sectors of the public is essential for meeting that goal, yet studies repeatedly show that without special training, scientific forecasts are not well understood by lay people (Gigerenzer et al. 2005; McCrea et al. 2005; Patt et al. 2005) . Interpretations are influenced by expectations and the perceived relevance of particular elements of the forecast (Roncoli et al. 2003) . In addition, scientific forecasts may be challenged in unanticipated ways by indigenous or traditional prediction methods (Ingram et al. 2002; Luseno et al. 2003 ).
This article calls for the incorporation of a social science perspective into the process of generating and communicating forecasts, reflecting the current trend toward interdisciplinary research that integrates social and natural sciences (Changnon 2004; Meinke and Stone 2005) . There is a growing number of conference sessions and workshops within such diverse disciplines as geography, anthropology, atmospheric sciences, and public health that examine the interactions between weather and society. For example, Weather and Society Integrated Studies (information available online at www.sip.ucar. edu/wasis/) brings together an international group of people from the public, private, and academic sectors to work on specific problems and to develop research projects aimed at increasing the relevance and improving the communication of weather and climate products. These interdisciplinary studies have become increasingly important as the technical skill of weather and climate forecasts advances much faster than society's willingness and capacity to put them to effective use (Stern and Easterling 1999) . The gap between information and usable knowledge can be bridged with effective communication practices that take into account a wide range of linguistic and cultural factors. To begin developing more effective practices, this article lays out some initial questions that need to be answered. Some of the communication JULY 2007 | difficulties faced by forecasters are discussed using a case study from northeast Brazil as an illustration, and strategies for building shared understandings are suggested. Detailed analysis of language use is at the heart of this anthropological approach.
Case study location: Ceará, Brazil. Ceará is one of nine states that comprise the Northeast region of Brazil. The climate is predominantly semiarid, with a welldefined rainy period that usually occurs between February and May. According to the Brazilian Institute of Geography and Statistics [Instituto Brasileiro de Geografia e Estatistica (IBGE)], 35% of Ceará's population, or 2.6 million people, live in rural areas (see information online at www.ibge.gov.br). The World Bank (2003) estimates that 78% of the rural population is living in poverty on less than half of one month's minimum wage. The study population of small producers relies on rain-fed agriculture for subsistence, while cash income is derived from wage labor (cutting wood, tending cattle, etc.) and government pensions. Rain-fed crops such as corn and beans remain the primary source of income and food. Most households also keep small animals, including goats, chickens, and pigs. The high expense of renting or buying machinery, such as a tractor, means that much of the labor is done manually, limiting the size of annual fields to less than 10 ha. Planting usually begins in January to coincide with the popularly defined "winter rainy season" ("inverno"). Droughts occur every 7-10 yr, exacerbating social inequalities and leading to great economic hardships. FUNCEME. In response to recurrent droughts, the government of Ceará created the Agency for Meteorology and Water Resources for the State of Ceará (FUNCEME) in 1972. Over the years, FUNCEME's role and activities have gone through several phases and changes (Orlove and Tosteson 1999) . Currently, the Department of Meteorology at FUNCEME generates seasonal climate forecasts for Ceará's February-May rainy season that are used in government policy planning and drought mitigation efforts. Among the users of FUNCEME's forecasts are water resource managers, emergency response agencies, agricultural extension offices, banks, municipal planners responsible for public assistance, and large-scale agricultural producers. Through its research and demonstrated climate forecasting skill, FUNCEME has achieved international recognition and it now has collaborative relationships with researchers at the International Research Institute for Climate and Society in New York, as well as in the Met Office, and elsewhere (see information at www.funceme.br). FUNCEME's seasonal forecasts are expressed as a probability that the total rainfall for Ceará, during the February-May period, will be in one of the following categories: above average, average, or below average. The official forecast for Ceará's rainy season, announced each January at a press conference, is the result of a consensus reached by an international group of scientists who discuss numerical, statistical, and stochastic models in relation to observed oceanic and atmospheric conditions (FUNCEME 2006) . FUNCEME staff state that the scientific consensus lends more credibility to the forecast.
Rain prophets. Meteorologists at FUNCEME are not the only ones making climate predictions in Ceará. For generations, traditional predictions for the six-month inverno and its impacts on agriculture have been made by "profetas da chuva," or "rain prophets." They are typically older farmers who make predictions based on a synthesis of their continual observations of insects, animals, birds, plants, winds, stars, clouds, and other phenomena in nature. For example, when the flamboyant tree flowers, it is a sign that the rainy season will be a good one. When the joão-de-burro birds builds its nest with the opening facing away from the normal direction of the rain, it indicates the coming of abundant rains. When the cururu toad begins to croak, the rains will come soon. If the nest of the cupim, or termite, is full of larvae or of winged ants, the rainy season will be productive. The rain prophets are known within their communities as people who have a deep knowledge of interactions in nature and who have achieved a certain level of accuracy in their predictions (Martins 2006) .
M E TH O D O LO G Y.
Si nce its beg i nni ngs, FUNCEME has found itself in competition with the rain prophets. Local media have been reporting on the predictions of both the rain prophets and FUNCEME for the last 20 yr, often emphasizing the conflicts between the two sources. To determine the bases of criticisms aimed at both meteorologists and rain prophets, I spent 14 months in Ceará interviewing and observing meteorologists at FUNCEME as well as several rain prophets in the municipality of Quixadá, 144 km from the capital city of Fortaleza.
With a team of three assistants, a survey was administered to 189 subsistence farmers in the three regions of the state. Participants were selected semirandomly from lists of small producers registered for agricultural | extension services in rural communities in Quixadá, Cariri, and Tauá. The lists were provided by local extension offices. The goal was to get 60 participants in each region over the course of four weeks, and the total came close to that, with 68 in Quixadá, 54 in Tauá, and 66 in Cariri (n = 188). A completely random sample was impossible due to limited time and resources. Some of the district areas were very large and it would have taken several hours to travel to a given household by motorcycle on dirt roads. Most of the time, motorcycles with extension agents as drivers were made available by the Secretary of Agriculture in the municipality. We targeted small producers and emphasized that they should not take us only to people they considered knowledgeable about rain indicators because we were attempting to get a random sample. In Quixadá, names were chosen randomly from the lists (selecting every seventh name, starting from the fourth) and the agents advised when it was too far to travel. In that case, another name was chosen. In Cariri, lists were not available and the agents took us to houses along their usual routes in their service areas. In some cases, the agent was traveling in someone else's area and simply stopped at houses that appeared to have occupants. In Tauá, arranging reliable transportation with the extension agents was more difficult, and two motorcycle taxis were hired. Again, the only instruction was to take us to farming households in districts randomly selected from the extension services maps.
In these areas, most households are engaged in subsistence farming and nearly all have at least one member registered for extension services, according to the extension agents. Although this sampling strategy does not distinguish between those who use irrigation and those who rely only on rain-fed production, the potential for irrigation in the study areas is extremely limited because 92% of farming households do not have access to irrigated lands (Lemos et al. 2002) . Forty-six percent of the sampled households have access to less than 50 ha for planting (not necessarily their own land). The sample is representative of land tenure in that merely 5% of the land in Ceará is distributed among 70% of landowners (Taddei 2005, p. 86) . This means that the large majority of households have only small parcels available to them, while enormous areas are owned by a very few families. More importantly, the actual area cultivated in a given year is only about 10 ha, given the limits of available time and labor. For the purpose of this study, the sampling strategy did not introduce any important biases so that analyses presented can be generalized for the population of subsistence farmers in Quixadá, Cariri, and Tauá. No attempt was made to stratify the sample in terms of either sex or age, and 68% of the respondents turned out to be men over the age of 50. Because one of the objectives was to compare rain prophets to other farmers, this sample is appropriate given that rain prophets also tend to be men over 50 yr. Because of the high rate of illiteracy and the open-ended nature of the survey items, the questions were all asked orally and responses were recorded by the researcher on paper. Quantitative data were analyzed using the Statistical Package for the Social Sciences (SPSS) software, while qualitative analysis was done with the Atlas.ti program. Survey data are found in the appendix.
The survey asked about knowledge of and attitudes toward FUNCEME and rain prophets, and their respective methods of predicting rain. Data from the survey of Ceará farmers show that the population in rural communities is divided on whose predictions are more accurate and whose methods are more reliable. For example, only 32.8% agree that FUNCEME has made accurate forecasts almost every year (see Table A4 ), while 56.1% think FUNCEME is always wrong (Table A3) . Over a third (36%) believe that the rain prophets are only guessing (Table A6 ) and 68.3% cannot say whether FUNCEME or the rain prophets have superior knowledge (Table A7) .
Findings from the observations and interviews indicate that meteorologists and rain prophets have different objectives when making predictions and different ways of communicating their environmental knowledge. It is not simply a question of who is right because both scientists and rain prophets can legitimately claim a high level of forecast accuracy when evaluated according to their own criteria. However, when the prediction of one group is interpreted within the model of the other, problems arise. A lack of common communicative practices and shared systems of interpretation contributes to these problems in important ways discussed below.
FARMERS' EXPECTATIONS. In Ceará, ideas
about what rain prediction is and expectations about its accuracy are linked to agricultural practices and certain religious beliefs. Typically, subsistence farmers in Ceará have little financial, economic, or political capital upon which they can draw in dry years to make adjustments in their economic strategies (Finan 2003; Finan and Nelson 2001) . Some coping strategies include migration of one or more household members; receipt of money, goods, and food from other relatives or benefactors; and partici-
| pation in state-run programs, such as crop insurance and planting specially selected seeds distributed by the government 1 (Lemos et al. 2002) . There is also the option of not planting at all and relying solely on aid from the government (Magalhães 1993) . Such a decision is truly a last resort because of the negative social implications of being a dependent rather than a contributing member of society. Moreover, the assistance received is hardly adequate (typically, basic food donations and participation in extremely low paid government work projects). Thus, the result of not planting is both physical and emotional suffering. There is a cultural preference for having faith in God, taking the risk, and always maintaining hope that the effort will be rewarded and they will get through one more year. Not planting means losing faith, being called lazy, and enduring certain hardship.
A common belief is that it is the duty of farmers to plant each year no matter what because it is their way of life. Supporting the findings of Lemos et al. (2002) and Taddei (2005) , 89.4% of the surveyed farmers agreed that even when the forecast was unfavorable, the fields had to be planted (Table A8 ). Most small producers initially plant at least some areas every year and strategies are planned to take the most advantage of whatever rain falls.
In this cultural context, predictions apparently have little effect on the outcome for the most vulnerable subsistence farmers. They do not have adequate resources for adapting agricultural practices in accordance with climate forecasts in order to optimize production. That is, even if the forecast was accurate and they made the best decisions in relation to it, the potential increase in yield would not significantly increase the household's well-being. The direct impact of a prediction is seen in psychological rather than behavioral reactions. Predictions affect how people feel about their work and their future (Martins 2006) . Forecasts of sufficient rain and a normal year create optimism and a general enthusiasm for agriculture, while forecasts of a dry season or poorly distributed rains leave people with a sense of fear and hopelessness. When farmers are optimistic, they may replant several times when dry spells cause the first crops to fail, eventually reaping a small harvest. When all hope is lost, there is no motivation to replant. This optimism or pessimism permeates social and economic interactions, influencing consumption of goods and assumption of debt, as well as smaller everyday decisions that are difficult to measure, but add up to an increased or decreased sense of well-being.
My research follows the work of other Brazilian scholars (Martins 2006; Taddei 2005) who observe that among small producers in Ceará, an important element of the predictions is that they inspire hope and optimism so that people can justify risking their meager resources (Pennesi 2006) . One of the top two responses to survey questions about the uses of forecasts and the reasons to pay attention to them was to ficar animado, which is to be encouraged. Further support for this claim can be seen (Table A5) in the 62.4% of the farmers surveyed stating that it is more important for the rain prophets to give people hope than it is for them to make an accurate forecast. Predictions that merely describe the coming season as being above or below average and lack this expected optimistic element are not well received. This fact has contributed significantly to the farmers' low opinion of FUNCEME, despite its technical accuracy. One farmer expressed this quite clearly, saying to me, "Tell those know-it-alls at FUNCEME not to show up here anymore. All they do is discourage people."
The second most frequently given reason for listening to forecasts was to stay informed. This is consistent with the media's presentation of FUNCEME forecasts as part of regular news coverage. The information is of general interest to the population, but like most other broadcast news one receives, no decisions or actions are expected to be taken. People talk about the predictions with relatives and neighbors because the rainy season is a common topic of conversation; it is part of the culture. This fits in with the personal responses to science communications Burns et al. (2003) describe as "awareness," "enjoyment," and "interest." This is an important point because, while it is widely recognized in both academic and popular literature that talk about rain, drought and prediction thereof permeates daily life in Ceará, treating forecasts simply as information unrelated to specific economic decisions is not considered a "use" within the scientific community.
Many people like to compare FUNCEME's forecasts with their own conclusions or with the predictions of rain prophets. It is worth noting that many of the respondents were senior citizens who consider the FUNCEME forecasts to be a relatively new phenomenon, especially when compared to the traditional forecasting methods that have been around for generations. They say they are monitoring FUNCEME's performance, waiting to see whether or not the information is sufficiently reliable to be used in future. In the meantime, the relevance of the JULY 2007 AMERICAN METEOROLOGICAL SOCIETY | forecasts for agricultural planning remains debatable for some. As one man pointed out, "We older people already know when to plant." These comparisons are part of the opinion-forming process that may influence future use of the forecasts.
Nonetheless, many farmers do express interest in FUNCEME's forecasts as agricultural planning tools. They mention forecasts as having an influence on decision making as they talk about whether to plant on higher ground or in low-lying fields, how much land to cultivate, whether they should buy seeds or use their own, whether they should enroll in the crop insurance program, and so on. It is clear that the farmers see the forecasts as being relevant and their strong criticisms indicate the potential importance of the information to them. While many subsistence farmers say that they do not use scientific climate forecasts in their own decision making (in part because FUNCEME's negative public image makes it difficult to admit so without losing face), many believe that their peers do use them. Therefore, it is not entirely certain that the forecasts have no influence at all on decision making, even if improved outcomes are questionable. More research needs to be done on the actual decision-making processes of these subsistence farmers before a conclusion can be reached. In order to use forecasts in decision making the way in which the meteorologists intend, the farmers need reliable information about when, how much, and where it will rain. But, what the farmers expect and want does not always match what meteorology is able to provide. Next, we will see how the different objectives of meteorologists and rain prophets affect their communicative practices, which in turn influence the utility of the forecasts.
F O R E C A S T E R S ' O B J E C T I V E S A N D COMMUNICATIVE PRACTICES.
Meteorologists. FUNCEME aims to provide accurate information to be used in decision making (FUNCEME 2005a). Because everyone has some personal experience with the weather and could potentially come up with a prediction, the foundation of FUNCEME's forecast accuracy and the credibility of the institution rest on the scientific method. The process of constructing their authority as experts requires that meteorologists maintain boundaries between themselves and the lay public, which includes indigenous forecasters. The forecasts are communicated in such a way as to reference their scientific nature, thereby contributing to this boundary maintenance. In this way, "language serves as a mediator of professional identity" (JacobsHuey 2006, p. 11).
Creating boundaries between experts and lay people can lead to communication barriers. Research done by Lemos et al. (2002) identified some of FUNCEME's communication difficulties. FUNCEME's forecasts are given in standardized meteorological terminology and refer to areas and time periods relevant to the models and methods used to generate them. While FUNCEME meteorologists claim that the seasonal FebruaryMay climate forecasts have an 85% accuracy rate in predicting whether the state's total rainfall will be above, near, or below the average (FUNCEME 2004, p. 32) , farmers remain dissatisfied with the information. The numerical models can only provide regional aggregate probabilities and cannot specify exactly where and when rain will fall at the local level. Moreover, the forecast is expressed as a probability, which preserves scientific validity but is not well understood.
Another complication is that farmers interpret FUNCEME's forecast for amount of rainfall as a forecast of the harvest. Meteorologists point out that a rainfall forecast alone is insufficient to predict harvest yields because it does not take into account factors such as soil type, insect plagues, and seed quality. The forecast bulletins state that FUNCEME takes no responsibility for decisions made by users based on the information provided (FUNCEME 2005b); however, there is an expectation among some sectors of the public that the government should tell them what to do and can be held accountable for outcomes. With this underling belief, farmers criticize FUNCEME for not giving them the information they want in a way they can understand.
Rain prophets. Like meteorologists, rain prophets also try to build credibility and prestige for themselves while perpetuating their traditional culture. The difference is that they tend to express their predictions in terms that are more acceptable to farmers because they are typically farmers themselves. They are well aware that their authority is derived from the support of community members who hold them accountable. Unlike the meteorologists, the rain prophets' objective to inform people about climate conditions is embedded in a more fundamental objective, which is to preserve hope. For this reason, an optimistic tone prevails in predictions, even when the outlook is bad.
For example, when a meteorologist says there is a high probability of below-average rainfall, a rain prophet might say that the coming season will be short, but with hard work and intelligence, a crop can be harvested. The rain prophets almost always make reference to God, saying that only God can know how the season will be for sure, but he will not abandon them. In contrast to FUNCEME, rain prophets will say whether the season will be good for growing vegetables and they will specify exactly when dry periods will occur. The objectives of the rain prophets are more fitted to the expectations and reactions farmers have in relation to predictions and this is reflected in their communicative style. Unsurprisingly, the rural population is generally more receptive to the predictions of rain prophets than to those of FUNCEME.
I D E N T I F Y I N G C O M M U N I C AT I O N PROBLEMS AND CREATING SHARED UNDERSTANDINGS.
The argument here is that there is no simple formula for effective forecast communication. What is appropriate for and easily comprehended by a group of natural resource managers may be unhelpful to recreational boaters or insurance policy writers. The Brazilian case described above is presented as an illustration of how social science can address important issues. Applying these ideas more generally, the remainder of the article outlines five strategies to help members of the forecast community identify communication problems and build a shared understanding with their own targeted publics. In many cases, at least some research will be required initially to gain the kind of insight needed to guide communicative practices.
Cultural context. Consider the format and content of the forecast presentation within the (sub)cultural context. Different groups expect different things from forecasts. Preferred communication styles may depend on educational background, region, or other variables. It is important to determine whether print, graphics, Internet, television, radio, or other media will be most effective. In some cases, suggested actions are expected to be associated with the forecast or warning, while in others this is unnecessary. To be truly effective, forecast communication should consider specific audiences, not generic ones. This means not making assumptions and taking time to discover what works and what does not.
We have learned from the Ceará case that in rural communities forecasts are more readily accepted when they are framed optimistically, and that the value of forecasts goes beyond their utility as decision-making aids. One more stylistic feature is worth mentioning here. Given the socioeconomic and psychological impacts of drought, there is an underlying anxiety that is always present. In fact, it has been identified as one of the defining elements of rural identity in Northeast Brazil (Arons 2004; Pordeus 2003; Villa 2000) . This ever-present fear of drought creates a context in which it is inappropriate to declare outright that a drought is coming. An indirect style is preferable to the "just the facts" style characteristic of scientific language. It is possible to communicate an unfavorable outlook without causing alarm or offense. An analogy offered by one rain prophet is that you do not visit a sick man and tell him he is dying; you tell him he looks pretty good and that he is going to pull through. It is the same thing with drought.
While FUNCEME takes care to avoid mentioning drought, simple substitutions, such as "below average," were still interpreted as "dry" by the majority of my survey respondents. Indirectness requires more than euphemism or a mere change of terminology; however, imprecision and ambiguity are exactly what scientists strive to correct. For this reason, it is unlikely that FUNCEME would adopt such a strategy. Nevertheless, it would be interesting to see how subsistence farmers would receive FUNCEME's forecasts if they were presented in a more colloquial, less direct style. This is not to say that FUNCEME should convey a false optimism when the forecast is for a drier season, but emitting a forecast especially for this group that includes some of the local expressions, like desmantelado 2 (literally "wrecked"), might increase understanding and decrease some of the social distance between farmer and forecaster.
Also important is the cultural context related to language use and communicative practices, but culture refers to all aspects of social life, including history. Beyond the forecast situation, there are many other factors that have bearing on interpretations of forecasts and reactions to them. For example, the level of trust that farmers have in forecasters varies with personal experiences and is connected to other domains, such as politics, economics, and social relations. Because of negative perceptions of particular policies, FUNCEME's connection to the state government has left it vulnerable to distrust by association (Orlove and Tosteson 1999; Nelson and Finan 2000) . Trust in experts, specifically scientists, is an important issue that has been addressed in several communication studies, and it is well known that once trust has been compromised it is difficult JULY 2007 AMERICAN METEOROLOGICAL SOCIETY | to reestablish (Gregory and Miller 1998; Slovic 1999) . Examining how credibility is built through linguistic choices is one way to bring other aspects of culture into the discussion of how to improve forecast communication.
Multiple definitions. Differences between the scientific and popular usage of key words related to climate prediction can lead to contrasting interpretations of a particular forecast. Use of familiar words that hide conceptual differences contributes to misunderstanding. Therefore, look for multiple definitions of key terms even when (especially when) they seem obvious. Distinctions salient to one group may be meaningless to another. It is not enough to clearly define scientific terms, it is also important to find out what they mean to other people.
For example, there is a conceptual difference between FUNCEME meteorologists' and Ceará farmers' usage of the word "normal." The meteorologists use normal in reference to a statistically based tercile classification. The range of normal rainfall amounts is determined from the 10 yr with rainfall less than the 10 wettest years and more than 10 driest years, within a given 30-yr period, for a particular region (see information online at www.funceme. br/DMET/). Thus, when meteorologists describe a normal season, they are referring only to the total amount of rainfall and saying nothing about its distribution, agricultural yields, or reservoir recharge. In the semiarid climate of Ceará, the normal rainy season is most commonly characterized as having little rain that is poorly distributed.
In contrast (see Table A2 ), 82% of the farmers in the survey described a normal rainy season in terms of ideal conditions for a good rainy season. Normal to them means a long season with well-distributed rains throughout the entire six months, resulting in good harvests and sufficient water accumulation. When I subsequently asked them how often those conditions actually occur, they said "hardly ever," or that things have changed and nowadays it only rains for three months. The normal season described by the farmers corresponds to a "very wet" or "above average" season in the meteorologists' classification. Clearly, there are two different concepts of normal being used, but neither group acknowledges the other group's definition, resulting in miscommunication and false expectations. To avoid confusion, FUNCEME might consider comparing the current year to a year from the recent past that is considered characteristic of the forecast category. For instance, 1990 was used in a FUNCEME study as an exemplar for the "normal to dry" category that corresponds to "below average" (Alves and Campos 2006, p. 8) . This device is familiar to farmers and conveys the general sense of irregular rainfall and reduced agricultural yields.
Validity of nonscientific concepts. The existence of traditional and indigenous knowledge systems reminds us that scientific concepts and methods are not universally accepted as the only correct way to think, despite the position of privilege and authority science is given in most domains. People resist learning new concepts and changing their thought processes when there is little motivation to do so, and especially when the new information conflicts with prior beliefs (Campanario 2002; Groves and Pugh 2002) . This is compounded further when alternatives exist that are considered equally valid, if not more so in local contexts (Luseno et al. 2003; Ingram et al. 2002; Strauss 2003) .
The Ceará case offers an illustration. Inverno is used by farmers to mean the six-month rainy season from January to June, but to meteorologists, inverno refers to winter as a season of relatively lower temperatures between the winter solstice and the spring equinox. In Brazil, this season is from June to September. This means that the meteorologists' winter starts when the farmers' winter ends. Instead of inverno, the meteorologists use estação chuvosa, translated literally as rainy season, to refer to the period between February and May when the intertropical convergence zone is present over Ceará. The movement of this cloud-forming zone is highly predictable and is the most important conditioning factor in making rain in that region. Rains that fall in December or January are classified as preseason rains, generally provoked by cold fronts moving up from the south. These have very low predictability over the long term and are therefore excluded from the climate forecast. Similarly, rains coming after May are provoked by other less predictable weather systems. In order to produce the most reliable forecasts, meteorologists delimit the rainy season based on the causes of precipitation and the level of predictability. However, these meteorological distinctions are not recognized by the farmers who classify all rains from January to June as part of the rainy season, or winter.
When farmers can rely on rain prophets who use familiar concepts and language, it is difficult to justify the need to learn scientific concepts, particularly when there are few opportunities to acquire this new knowledge. Terms like "cold front" and "El Niño" have made their way into the popular vocabulary via broadcast news reports, but they are highly marked as jargon used only by scientists or other educated people and there is little understanding of their meaning. To many farmers, it appears that meteorologists want them to JULY 2007 | learn the scientific concepts just so that they will agree that FUNCEME forecasts are accurate.
When addressing subsistence farmers, inverno is the term that should be used because it is the most meaningful. To distinguish the preseason pré-estação from the "rainy season" (estação chuvosa), FUNCEME meteorologists could talk about the "beginning of the inverno" (começo do inverno), and then explain how the beginning can be different from what follows. This would avoid the problem of classifying different rain-forming systems, which is irrelevant to farmers. In general, climate scientists should make themselves aware of other knowledge systems and competing sources of information, and be prepared to demonstrate how science offers a useful alternative without dismissing the validity of indigenous methods.
Education versus translation.
In light of the first three points, consideration should be given to how much meteorology people need to understand in order to be properly informed. In some cases, public education programs are less effective, and instead a "translation" approach that puts scientific information in common terms improves comprehension sufficiently to justify sacrificing technical accuracy somewhat. The choice depends on the targeted public and the nature of the information.
Returning to the Brazilian case, FUNCEME's forecasts are always expressed in terms of the historical average of total amount of rainfall in millimeters for a given region. This average is taken from a 30-yr period of rainfall data. The problem is that most people do not understand what the historical average is and, therefore, they do not understand the forecast. This is evident (see Table A1 ) by the fact that 89.4% of the farmers surveyed either did not know or gave incorrect answers when asked what the average rainfall was in their location. Qualitative analysis revealed that the forecast for below-average rainfall either left people confused or was interpreted as a forecast for either drought, crop failure, or very little rain, which is a much more extreme outlook than was intended by the meteorologists. This has negative implications both psychologically and economically because people lose hope. Furthermore, when the season turns out not to be as bad as the farmers expected, they then judge the forecast as having been incorrect and overly pessimistic, leading to negative evaluations of FUNCEME.
In this case, rather than trying to teach people what the historical average is and how to interpret the forecast, perhaps a new set of categories could be developed that is based on terms commonly used to describe the rainy season. The more technically worded forecast can be disseminated to policy makers or others with access to specialists who can aid interpretation, while a "common language" version can be developed for the general public. Looking at some of the terms used by rain prophets can be a starting point for the rural population in Ceará.
An important issue to raise is how the forecast information arrives to potential users. Thus far, the discussion has been limited to direct communication between forecaster and audience, either through faceto-face interaction, or via media created by the forecast agency (e.g., publications and Web sites). In many cases, other organizations may act as intermediaries, enhancing or hindering understanding of the forecast. For example, in Brazil, the Secretary of Agriculture routinely passes FUNCEME's forecasts on to interested agricultural producers through extension agents. FUNCEME even developed a training workshop so the agents would be able to interpret the forecasts better and help the farmers understand them (A. G. Ferreira 2003, personal communication) . While this is an admirable step in improving communication, only 3% of my study sample reported receiving forecast information from extension agents.
Mass media also plays a crucial role in disseminating forecasts. In my study, the most frequently mentioned sources of FUNCEME forecasts were television and radio broadcasts. Sixty-eight percent of the sample received reports of FUNCEME forecasts this way. In recent years, FUNCEME meteorologists have been pleased to see their official forecast repeated verbatim on television and in newspapers, because it reflects a decrease in the media's tendency to use sensationalist language for dramatic effect when reporting on predictions. This cooperation is due in part to FUNCEME's attempts to educate news reporters and maintain a mutually beneficial relationship with the media in general. Still, misrepresentation and "bad press" continue to frustrate FUNCEME staff. Information flows through multiple channels, most of which forecasters cannot control. Efforts can be made, however, to ensure that those officially charged with passing on the forecast have an adequate understanding, if not the technical expertise.
Explain limitations. Each user group has specific information needs. Scientists are warned against providing unwanted or unusable information simply because it is available and scientifically valid. Every model, technique, or product has its limitations. If the forecasting agency cannot meet the user's needs, then the reasons should be explained. People are listening for what is relevant to them, so they will either ignore the JULY 2007 AMERICAN METEOROLOGICAL SOCIETY | irrelevant parts or they will reinterpret the message to make it fit their understandings and expectations (Gigerenzer et al. 2005) . Either scenario can result in potentially misguided decisions.
Questions of scale exemplify this problem. Farmers want to know whether it will rain on their fields over a give period of time, but such a localized, microscale forecast is still beyond the reach of modern meteorology. Due to the nature of climate forecasting models, accuracy is greatest at the regional scale. Attempts to downscale to the farm level would produce results with such low reliability that they would be useless. Given the high spatial and temporal variability of rain in a semiarid climate like Ceará's, regional forecasts are presently of limited value for subsistence farmers. They are more useful to policy makers and resource managers at the municipal or state level (Lemos et al. 2002) . Therefore, in order to preserve credibility and avoid confusion, forecasters must be clear about the limitations as well as the capabilities of their forecasts.
CONCLUSIONS. FUNCEME has been striving to improve public understanding of forecasts for several years. Much has been learned and changes are slowly occurring. Each year, debates arise over the wording of the forecast and how to best present the information to the press. In 2007, an updated version of the public education pamphlet describing FUNCEME's activities and relevant meteorological concepts was made available by Web site and advertised in the newspaper, just before the official forecast was announced (Diário do Nordeste 2007). Staff members are making more and more presentations to specific groups of users so that questions can be answered and doubts clarified. The ideal scenario would be to create a forecast specific to the population of subsistence farmers, using colloquial expressions and a more indirect style. In addition, direct applications and the significance of the forecast for particular activities would be discussed with farmers. The current problem with such an approach is that there is little or no direct contact between FUNCEME and subsistence farmers. Resource limitations mean that FUNCEME relies heavily on mass media to disseminate the forecasts and that only one official version gets issued this way. Because it would not be appropriate to make the popular version the official version, for the time being subsistence farmers unfortunately remain an excluded "user" group.
Communication implies continual interaction. One cause of the ineffective communication is that assumptions are made about what people know. An additional assumption is that "the public" is a homogeneous group that responds more or less uniformly to scientific information. To correct this, we can turn to social science methods, such as formal and informal surveys, interviews, and focus groups, to provide the kind of user-specific information discussed here (see Bernard 2002) . If time and resources are limited, rapid appraisals can also produce good results (Beebe 2001) . Ultimately, it is essential to address the issues raised for the improvement of forecast communication. The challenge for experts is to make scientific knowledge culturally relevant and meaningful (Clark and Murdock 1997) ; this article provides some direction toward this end for climate forecasting. First, forecasts should be presented in the language commonly used by the target audience, but with attention given to potential conceptual differences between scientific and lay understandings. Alternative information sources can provide indicators for preferred communication styles and should be acknowledged. Finally, limitations of the forecast product in specific contexts should be made clear. That said, good communication does not necessarily lead to use of the information, or use in the way the forecaster intended. But, the potential for the use of scientific information will increase if forecasters know what questions the various sectors of the public want answered, as well as what the appropriate forms are for presenting the information, and the type of information that is meaningful to them.
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APPENDIX A: SURVEY DATA. The following data are taken from the survey administered to 189 subsistence farmers (or other household member) in Ceará. The original questions were asked in Portuguese. English glosses are provided for convenience. Only the items mentioned in this article are given here (see Tables A1 and A2 ).
In the final section of the survey, respondents were asked whether they agreed or disagreed with statements that were read aloud by the researcher. Only two options (agree/disagree) were given in the interest of time and simplicity because the survey was admin- | istered orally. This method was chosen because the majority of respondents had either low or no literacy skills. Respondents were informed that the statements are quoted or paraphrased from interviews with other members of rural communities in Ceará who participated in the study. The survey aimed to determine the extent to which these opinions are shared among subsistence farmers (see Tables A3-A8) . 
